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2. Publications 
This thesis consists of the following publications: 
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Physical Activity and Sedentary Behavior From 6 to 11 Years. 
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Moretti, M., Mariani, B., Verduci, E., Koletzko, B., Grote, V. Pediatrics, 2019, 143(1): 
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Rousseaux, D., Moretti, M., Mariani, B., Verduci, E., Koletzko, B., Grote, V. The 
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3. Introduction 
In the last decades, there was a steady progress in information technologies and 
entertainment electronics, which substantially influence our daily life. These inventions 
especially affect our daily movement behavior, which consists of physical activity (PA) 
and sedentary behavior (SB) during waking hours. In adulthood, office work is 
dominated by SB and a limited amount of PA. An extended duration of education 
(school, university) shapes the time spent in PA and SB in childhood and adolescence. 
Long sitting hours have become the norm. Additionally, leisure time and commuting are 
spent predominantly in sitting positions. This led to a substantial increase of physical 
inactivity, which plays a major role in the worldwide epidemic of non-communicable 
diseases [1]. Lee et al. estimated on basis of an extensive literature review that physical 
inactivity is responsible for 6-10% of major worldwide non-communicable diseases [2]. 
As a result of this contribution to global disease, physical inactivity is responsible for a 
substantial economic burden [3]. Despite this alarming evidence, large proportions of 
the world’s population remain inactive [4]. To fight this epidemic, it is a major public 
health interest to promote PA and to reduce SB [5]. Since PA showed strong tracking 
into adulthood [6] promotion of PA in childhood and adolescence is especially 
important. 
PA and SB in childhood are characterized by changes with age. During preschool age, 
motor development is ongoing and everyday life offers many possibilities for 
movement. During this period, parents have a great impact on their child’s PA and SB 
[7]. In primary school age, children start to sit on a regular basis during school hours and 
with the start of adolescence SB during school hours further increases. With increasing 
age, peer groups start to play the major role in PA engagement during leisure time [8].  
Due to this transient period of different influencing factors, it is important to understand 
the development of PA and SB in each age period to ensure an effective intervention 
planning. So far, school-based interventions are thought to be the most effective way, 
as the biggest decline of PA is happening during this time when children spent most of 
their time in school [9]. In the last years the focus shifted towards younger age groups, 
targeting both parents and their children. This is a promising approach for increasing 
Introduction 
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preschoolers' PA [10]. In order to improve intervention quality and to identify the best 
age period to tackle the problem of extensive physical inactivity, continuous 
measurements and quantification of PA and SB is needed. 
Measurement methods of physical activity and sedentary behavior  
Measurement of PA started in the late 1960s and early 70s. First methods relied on 
unstandardized recall questionnaires in epidemiologic studies [11]. The comparison of 
activity levels in different populations was difficult and recommending an appropriate 
amount of PA per day was not possible. First standardized questionnaires – the 
international PA questionnaire and later the global PA questionnaire – were developed 
in the late 1990s [12, 13]. These standardized methods helped greatly in the 
development of today’s PA guidelines. Those recommend a daily amount of 30 min per 
day in PA for adults and 60 min in moderate-to-vigorous PA (MVPA) for children from 5 
to 17 years of age [14, 15].  
When looking at these guidelines, the problem of quantifying intensity levels of PA 
becomes apparent. PA is commonly classified into three intensity levels: light PA, 
moderate and vigorous PA. The latter two are often combined into moderate-to-
vigorous PA. However, cut-offs for these intensity levels are not standardized and thus 
remain rather ambiguous. A common classification is done by the use of metabolic 
equivalents of task. One metabolic equivalent of task is defined as metabolic energy 
expenditure during one minute of sitting activity. Different activities are classified based 
on this reference level and summed in different compendiums [16, 17]. It is being 
discussed if this definition for metabolic equivalents of tasks holds true for children [18]. 
Their metabolism can differ substantially from adults, resulting in different cut-offs for 
intensity levels of PA. An adaption of cut-offs for children was developed, but is not 
applied throughout studies [19, 20].  
In order to measure PA by questionnaire, the above mentioned biological definitions of 
intensity levels have to be transferred into subjective categories. Therefore, intensity 
levels are generally described by subjective “symptoms” and feelings, which are 
transferred into semantic expressions (e.g.: “moderate-intensity activity: causes small 
increases in breathing or heart rate” [21]) or scales (e.g.: the Borg scale [22]). A limitation 
Introduction 
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of this approach is the dependence on the subject’s experience or attitude towards PA 
[23]. Additionally, when answering a questionnaire about their activity levels, people 
tend to answer more positively, which results in an overestimation of PA levels [24]. 
Despite these caveats of PA questionnaires, they remain a valid tool for assessing 
context-specific activities, like time spent in front of a screen. 
From the 1980s onwards device-based measures with the help of accelerometer 
technology were progressively developed and adapted in order to objectively asses PA 
and SB levels [25]. These devices measure with the assumption, that PA equals a certain 
acceleration of the body. This acceleration is recorded and cut-offs for intensity levels 
are developed in validation studies based on different activities [25]. This method 
eliminates the recall bias and social desirability of answers in PA questionnaires. 
Furthermore, this method enables continuous monitoring over several days, giving 
measurements of volume of total daily PA and SB. Even though device-based 
measurements produce more consistent results than questionnaires, they have also 
some limitations [26]. The acceleration specific cut-offs – reflecting the biological 
defined intensity levels of PA – are not standardized across studies [19]. This limits the 
comparability across study populations and overall objectivity, as the choice of cut-off 
to define intensity levels is up to each researcher [18]. Additionally, with common 
accelerometers it is difficult to take into account weight bearing activities, posture of 
the user and movement of different body parts [27]. In order to improve quality of 
measurement, devices were developed, which combine accelerometers with additional 
sensors. These include e.g. posture measuring, heart rate, body temperature and heat 
flux [28]. With the additional data from these sensors the assessment of energy 
expenditure can be improved by applying activity-specific algorithms. However, cut-off 
determination for intensity levels often remains a problem.  
In summary, there are three different kinds of measurement: device based 
accelerometry, multi-sensor devices and questionnaires. They can be used for different 
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Outline of this doctoral thesis 
In this work, I investigate PA and SB in children from 6 to 11 years and their association 
to anthropometric measures. Previous studies have shown that PA and SB play a key 
role in the prevention of overweight and obesity in children [29-31]. I use longitudinal 
data to investigate the development of PA and SB and its associated factors. This time 
dependent analysis gives useful insight for intervention planning, as to identify the best 
time point to intervene. Further, I investigate associations of PA and SB with 
anthropometrics with the hypothesis that the amount of activity or inactivity influences 
the energy expenditure and subsequently the body weight of children. Additionally, I 
will look at possible bi-directional effects of PA and SB with anthropometrics. There is 
no clear consensus in the literature whether PA and SB influence anthropometrics or if 
a specific body size predispose specific activity levels.  
Data is drawn from the “Childhood Obesity Project” trial (CHOP), a European multicenter 
double blind randomized control trial. Healthy term infants were recruited at birth and 
randomized either into higher or lower protein content formula [32-34]. An additional 
observational breastfed group was recruited. Possible effects of the intervention are 
tested and all analyses were accounted for intervention type. The three publications, 
research questions, and statistical approaches will be outlined in more detail in the 
following.  
Publication I + II – Development of PA and SB in primary school age and its association 
with anthropometric measures 
High levels of childhood overweight and obesity are an important public health problem 
worldwide. The latest fact sheet from the World Health Organization’s Childhood 
Obesity Surveillance Initiative shows that prevalence of overweight and obesity amongst 
preschool children can reach up to 43% in certain European countries [35]. Childhood 
obesity is related to many co-morbidities and adverse health outcomes in later life [36, 
37]. Obesity and overweight is caused by an energy imbalance between calories 
consumed and calories expended [38, 39]. One way to change this imbalance is altering 
the energy expenditure by being physical active [40]. Subsequently it is hypothesized 
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that an inactive lifestyle can lead to an increase in weight, whereas high levels of PA 
could reduce body size. Various studies have shown an association of PA and SB with 
anthropometric measures [29, 31, 41]. However, it is not clear whether PA and SB 
influence anthropometric markers like BMI and FMI or if higher weight or body fat 
percentage lead to lower levels of PA [42]. Understanding these bi-directional effects is 
necessary for an adequate public health planning. Additionally, research in activity levels 
of children and its change over time could bring insight, when to intervene by increasing 
PA levels and reducing SB in order to prevent childhood obesity. For example, a study 
by Basterfield et al. found an earlier onset of PA decrease and SB increase than most 
invention studies assume. Therefore, research questions for the two papers of my thesis 
were: 1) How does total PA, MVPA, LPA and SB change from 6 to 11 years and which 
factors are associated with this age development? 2) Are there associations between 
total PA, light PA, MVPA, SB and the development of body mass index (BMI) and fat mass 
index (FMI) from 6 to 11 years of age? 3) Do bi-directional effects between body size 
and PA and SB occur?[43, 44] 
In the CHOP trial, physical activity was measured at the ages 6, 8 and 11 years with the 
Sensewear Armband 2, a reliable device-based tool for the assessment of PA and SB in 
children [45-47]. The longitudinal setup of the study and the long-term follow-up to the 
age of 11 years provided an optimal basis for an examination of PA and SB during the 
course of school age.  
The key findings are that total PA showed a steady decline and SB a steady increase 
between the ages of 6 to 11 years. The development in intensity levels of PA showed sex 
differences: Boys showed higher levels of MVPA and girls higher levels of LPA. Total PA 
and SB showed no sex differences. Higher time in SB was associated with an increased 
BMI during preschool age, regardless of time spent physical active. However, 
associations with anthropometric measures and PA and SB were bi-directional: PA and 
SB were associated with a different body size and body size was associated with different 
levels of PA and SB. 
Introduction 
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With regard to the research questions I can conclude: 1, There is a clear decline of PA 
and increase of SB from preschool age onwards. This implicates that activity levels of 
children should be tackled by interventions as early as possible, when levels of activity 
are still high. 2, The consistent associations of SB with higher BMI indicate that a 
reduction of sitting activities might play an important role in the prevention of obesity. 
3, In the light of the present bi-directional associations and the fact that results are from 
an observational study, the role PA and SB play in the development and prevention of 
childhood obesity is not clear yet and more research is needed.  
Introduction summary 
The overreaching aim of this doctoral thesis is to contribute to our understanding of the 
development of PA and SB in childhood and explore its associations with 
anthropometrics measures. To accomplish this, different analysis with different 
measurement methods have been performed. A time-dependent analysis of objectively 
measured PA and SB was performed to explore growth curves and influencing factors in 
primary school age. These results can be useful for practitioners to get a sense of normal 
development of PA and SB in childhood. Additionally, associations of overall daily PA and 
SB with anthropometric measures are looked at. This analysis follows the hypotheses, 
that the amount of activity or inactivity influences the energy expenditure and 
subsequently the body weight of children. The insights gained from this analysis add to 
the body of knowledge about which role PA and SB play in the development and 
prevention of childhood obesity. 
Summary 
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4. Summary  
Objectives:  
Daily movement behavior during childhood has a great influence on children’s present 
and later health status. Higher levels of physical activity (PA) and less time spent in 
sedentary behavior (SB) during early life are positively associated with activity levels in 
adulthood. An adequate amount of PA and a reduction of inactivity could contribute to 
the prevention of childhood overweight and obesity. In this thesis, I investigated PA and 
SB in children from 6 to 11 years of age to gain a better understanding of the extent of 
change in PA and SB and its association with anthropometric measures.  
Subjects/Methods:  
The data used in this thesis were drawn from the European Childhood Obesity Project 
trial (CHOP), which was conducted in five European countries. The SenseWear Armband 
2 was used to measure PA and SB at the ages of 6, 8 and 11 years. The children’s weight, 
fat mass and height were assessed at each time point and anthropometric measures 
body mass index (BMI) and fat mass index (FMI) were calculated. 
Results:  
Total PA and moderate-to-vigorous PA (MVPA) showed a significant quadratic decline 
with age (PA: -75.3 min/day, p < 0.001; MVPA: -30.7 min/day, p < 0.001). The amount of 
SB increased significantly in the same timeframe (+107min, p = 0.001). Boys showed a 
steeper decline in light PA (p = 0.003) and MVPA (p < 0.001) than girls. Higher levels of 
total PA and MVPA (predictor) were consistently associated with lower BMI and FMI 
(outcome) and higher SB with higher BMI and FMI. When looking at the age dependent 
effects, negative associations of MVPA (p = 0.007) and positive associations of SB (p < 
0.001) with BMI increased with each year of age. In a reversed model, a higher BMI or 
FMI (predictors) showed a negative association with MVPA and a positive association 
with SB (outcomes), but no age interactions were found.  
Conclusions:  
In this thesis, I showed that PA decreased and SB increased as early as six years. Sex 
differences in intensity levels of PA were prominent. Throughout childhood, daily SB was 
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consistently associated with a higher BMI, regardless of time spent physical active. 
These results emphasize the need to tackle SB by activity interventions as early as 
possible. An integrated approach of reducing SB by replacing it with PA seems 
appropriate. Based on our results, the choice of intensity of PA in interventions should 
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5.  Zusammenfassung 
Ziele:  
Das tägliche Bewegungsverhalten in der Kindheit hat einen großen Einfluss auf die 
momentane und zukünftige Gesundheit von Kindern. Ein höheres Niveau an 
körperlicher Aktivität (KA) und weniger Zeit in sitzenden Tätigkeiten (ST) während den 
ersten Lebensjahren ist positiv mit dem Bewegungsverhalten im Erwachsenenalter 
assoziiert. Zudem kann ein adäquater Umfang an KA und eine Reduktion von Inaktivität 
zur Prävention von kindlichem Übergewicht und Adipositas beitragen. In dieser Arbeit 
untersuche ich sowohl KA als auch ST bei Kindern vom 6. Bis zum 11 Lebensjahr, um ein 
besseres Verständnis für die Veränderung des Bewegungsverhaltens während der 
Kindheit zu erhalten. Ein weiteres Ziel ist es, mögliche Assoziationen mit 
anthropometrischen Messgrößen zu untersuchen. 
Methoden:  
Die Daten für diese Arbeit stammen aus der europäischen Childhood Obesity Project 
Studie (CHOP), die in fünf europäischen Ländern durchgeführt wurde. Der Umfang an 
KA und ST wurde mit sechs, acht und elf Jahren mit Hilfe des Sensewear Armbands 2 
gemessen. Gewicht, Fettmasse und Größe der Kinder wurden den jeweiligen 
Messzeitpunkt erhoben und die anthropometrische Messgrößen body mass index (BMI) 
und fat mass index (FMI) berechnet. 
Ergebnisse:  
Die gesamt-KA und moderate bis intensive KA zeigte einen quadratisch abfallenden 
Verlauf mit steigendem Alter (KA: -75.3 min/Tag, p < 0.001; moderate bis intensive KA: 
-30.7 min/Tag, p < 0.001). Der Umfang an ST stieg im selben Zeitraum signifikant an 
(+107min, p = 0.001). Jungen zeigten einen steileren Abfall an leichter KA (p = 0.003) 
und moderate bis intensive KA (p < 0.001). Ein höheres Niveau an gesamt-KA und 
moderate bis intensive KA (als unabhängige Variablen im Model) waren durchgehend 
mit einem niedrigeren BMI und FMI assoziiert, wohingegen mehr ST mit einem höheren 
BMI und FMI assoziiert war. Bei der Betrachtung von alters-abhängigen Effekte, war zu 
sehen, dass sich die negativen Assoziationen von KA (p = 0.007) mit BMI und die 
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Schlussfolgerungen:  
In dieser Arbeit konnte ich zeigen, dass bereits ab dem 6. Lebensjahr die KA abnimmt 
und ST zunimmt. Geschlechterunterschiede im Intensitätsniveau der KA waren sichtbar. 
Im Verlauf der Kindheit war ST durchgehend mit einem höheren BMI assoziiert, 
unabhängig von der KA im selben Zeitraum. Diese Ergebnisse unterstreichen die 
Notwendigkeit übermäßige Sitzzeiten so früh wie möglich mit Interventionen zu 
bekämpfen. Ein integrativer Ansatz, bei dem ST durch KA ersetzt wird, erscheint dabei 
am sinnvollsten. Das Intensitätsniveau der KA sollte sich dabei nicht an den Effekten auf 
anthropometrische Messgrößen orientieren, sondern an dem Geschlecht der 
Zielgruppe. 
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